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1.0  1\T1U)IH’CTI0\ 


Fhc?  Phase  I report  on  kinematic  jet  fuel  fires  emphasized  the  pre- 
valence and  importance  of  cascatUnp:,  spraying,  and  pourin^r  fuels  in 

1 

aircraft  sfoiind  1 i res . Such  fires  are  not  amenable  to  suppression  by 
the  foams  that  constitute  the  principle  systems  for  aircraft  protection: 
therefore,  various  auxiliary  a t;en  t s-- i . e . , powch'rs,  chemically  active 
vapors,  and  inert  passes — are  required  to  cope  with  these  fii’es.  I'n- 
fortunately,  the  evaluation  of  auxiliary  at;ent  effectiveness  and  appli- 
cation techniques  has  been  hampered  l)\  i r reproduc  i b 1 e fire  cha  rac  t I'r  i s t i cs 
and  uncertainties  ret^ardinp;  the  importance  of  t tie  various  fuel  and  en- 
\ironmental  parameters  on  the  fire  lieliavior.  Much  of  the  dispersion  in 
the  results  of  past  extinguishment  tests  stems  from  a lack  of  satis- 
factory test  fires.  Consequently,  this  program  was  designed  to  remove 
some  of  these  deficiencies  liy  providing  (1)  .i  better  unders  t ,i  nd  i ng  of 
cascading  fuel  fire  characteristics  and  (2)  specifications  for  suitable 
test  fires.  Phase  I provided  simple  analytical  models  for  cascailing, 
jetting,  and  spraying  fuel  fires  and  relatc'd  the  fuel  .mil  environmental 
p.irameters  to  the  experimentally  observed  fire  ch.i  rac  t er  i s t i cs  . This 
ph.ise  reports  the  scaling  of  small  laboratory  fires  uii  to  sizes  suitable 
for  testing  fire  suppression  .igents,  application  apparatus,  and  techniques 
in  extinguishing  fires  cha  r.ic  t er  i s t i c of  aircr.ift  accidents.  The  scope 
inclufies  the  designs  of  the  fire  system,  a liiscussion  of  refinements  made 
during  the  development  period,  and  an  I'v.iluation  of  the  apparatus  per- 
formance in  a series  of  extinguishment  tests  with  dry  powder  chemicals 
PKP  (Purple  K Powder,  KIICO,^)  and  Monnex  Kfuri'.i)  CO  , and  gaseous 
llalon  1211  (CF,^C1  Hr). 


lacKcuoi  \n 


i 

Dll'  initial  pliasi'  of  tho  projoct  : 

• l)('fitu'(l  tho  hazard  potent  ial  of  aircraft  crash  fii’os  by 
sur\'ovinp:  militarv  aircraft  fuel  capacity,  fuel  lank 
location,  and  characteristics  of  the  lubrication  or  hy- 
tlraulic  systems  that  cotiltl  conti’ibute  to  crash  fires. 

• Dc'finod  the  hazard  histo?-y  by  surveyintj  aircraft  acci- 
dents involviiifj  fires  to  identify  either  frc'quent  or 
h i yh  1 \ hazai'dous  yra  vi  t y-con  t ro  1 1 ed  fuel  flow  fii’os. 

• Developed  an  analitical  desc  i' i i)t  i on  and  interpretation 
of  the  important  paranu'ters  for  the  experimental  proyram 
and  test  <levelopmcnt  . 

» I'onducted  small-scale  tests  to  verify  tho  analysis  and 
idi'iitify  scalini>:  criteria. 

It  was  found  that  of  the  possible  types  of  kinematic  fuel  fires 
(cascade  firi^s,  rod  fires,  yas-.iet  diffusion  flames,  and  droplet  sprav 
firi's),  the  cascade  and  rod  fires  have  received  very  little  attention, 
ind  their  characteristics  are  the  least  understood.  Therefore,  the 
cascade  fii'-.  which  consists  of  fuel  flowinp  a lonp  the  surfaces  adjacenit 
t"  fuel  ri'servoirs,  was  chosen  as  the  kinematic  fuel  fire  to  characterize 
and  si  mu  late. 

Phasi’  1 identified  the  following  features  as  desirable  in  a salis- 
lactory  test  fire; 

• A controllable'  burninp  rate  at  values  typical  of  a severe 
fire  with  common  aircraft  fuels  such  as  JP-1  and  dP-r> 
burninp  at  alxjut  0.2  in  min  per  square  inch  of  burninp 
surface'  (0.12.T  pal  min  ft“). 

• A burnitip  rate'  re'preieluc  i b 1 e tea  within  10  pe'ree'Ut  fream 
fire'  to  fii'c  anel  constant  fi'eam  leap  tea  beatteam  ea  f the  cascaele'. 


: _ J 


• A flamo  geometry  that  minimizes  wind  effects  and  a testing 
structure  tliat  does  not  cause  unexpected  perturbations  of 
agent  application. 

• An  adjustable  fire  size  so  that  various  types  and  sizes  of 
extinguishing  systems  can  be  tested. 

• A fire  source  that  produces  minimum  smoke  pollution. 

2 

Based  on  the  Phase  1 results  with  small  (2.25  ft  ) cascade  laboratory 
fires,  a full-scale  test  apparatus  was  designed  to  satisfy  this  list  of 
desirable  features.  This  report  describes  tlie  development  of  and  the 
tests  performed  on  the  full-scale  cascade  fire  apparatus. 
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::.0  I'llK  CASfADK  KIRK  I'K-ST  APPARATl'S 


V sflioiiMtic  ilrawitif;  of  tho  modular  cascado  firo  tt'stiiiK  apparatus 
is  shown  in  Kit;uro  1.  Kifjure  2 contains  three  pho(ot;raphs  of  the 
cascade  tire  panel.  As  can  lie  seen  in  Fipiure  2(a),  two  modules  were 
built,  the  oru'  on  the  left  beinp;  a refinement  of  the  first  panel. 

Kinnre  !!  is  const  I'uct  ion  drawing  of  the  final  desitjn. 

a . 1 'flu'  Cascade  lire  Panel 

The  doui>Ie-layered  panel,  approximately  four  feet  wide  and  eitjht 
fei't  h i p;ti , cainsists  of  a water  cooled  underplate  anil  support  frame 
covei-ed  with  a layer  of  fj.i  1 v.in  i zed  metal  "shiiiRles."  These  11  inch  by 
IR  inch  shingles  hang  freely  at  .in  angle  of  about  b'O  degrees  up  from  the 
horizont.il  on  hooks  welded  to  our  91-inch  lengths  of  angle  iron.  Water 
flows  over  1 hi'  back  plate  during  the  fire  to  keep  the  solid  sheet  cool 
and  prevent  w.irping.  The  shingles  are  not  in  contact  with  the  w.iter; 
therefore,  these  he.it  up  during  the  fire  and  aid  in  evaporating  the  fuel. 
This  construction  permits  he  shingles  to  warp  without  disturbing  the 
ell  t i re  s t rue  I u re  . 

\ trough  loc.ited  .it  the  botiom  of  the  panel  collects  unburned  fuel 
See  figure  2(c)’.  Ulieii  the  shingles  reach  an  elevated  temperature,  .ill 
the  fuel  burns  ,ind  there  is  no  dr.iin.ige  to  thi'  sump.  However,  some  fuel 
dr.iins  off  during  the  initial  warm  up  and  again  during  suppression, 
especially  .ifter  the  fire  is  completely  extinguished  .inti  before  the  fuel 
supply  is  shut  off.  .A  sni.i  1 1 amount  of  water  flows  continuously  in  the 
trough  to  cool  the  excess  fuel  liefore  it  runs  through  the  sump  pump  and 
also  to  c.irry  aw.iy  any  powder  extinguishing  agent  that  may  fall  into  the 


t roilicli  . \ f.V'‘IVlt\  1 l(i\,  .'.-.ll'U  Im-  '.I  1 1' 1 C i I'll  t to  (IlMlll  till'  t I'Ollul'  il 

oii'Hii'.ii  ilrop  lo  ttio  oxoi  I,--  lui'l  suiiip  IX  pro',  nil'll;  lioAovor,  iie  iiooilod  tin- 

piliip). 

Thi’  1 1 rst  modulo,  i.o.,  Iho  right  panel  in  Ki;;uri'  2(a),  tollowod  the 
:hii'k  plate  w.i  1 1 'r-ioo  1 ed  design  employed  in  the  small  laborator\-  ipparatie 
el  Phasi  1.  It  -.'..IS  not  possible  to  lioat  the  1 2 - i nch- 1 h i ok  steel  plate 

sn  1 I 1 c i en  t ' to  e>.  ipor.ite  all  the  luel  withont  introdneing  serious 
iiainiing.  riier.  tore,  the  two  layer  design  was  adopted  lor  the  second 
module. 


■'  ■"  thii  1 ne  1 .siippl  '.  Syst  oiiis 

Thri'i  liipiid  I'nels,  -Il’-l,  -TP-fi,  ,ind  methanol,  were  used  in  tliese 
e ise.idi'  tin'  experi  I'icu  ts . Also,  prop.iue  was  Irieii  in  some  ot  the  smoke - 
le.s-  tire  ruirus.  fn  1 o r t un.i  t ^ 1 s the  propane  lire  cdia  ract  ei' i st  i cs  did 
nol  sufficiently  siiuulati  those  of  the  lii|Uid  fuels  involved  in  aircr.ift 
er.ish  tires:  therefore,  the  use  ot  propane  w.is  discontinued.  Since  t lu' 
profiuie  fuel  \M[)orized  a.s  soon  .is  it  left  the  nozzle  and  was  at  atmos- 
liheric  pressure,  the  v.ipors  were  easily  t r.uisported  away  from  the  plate 
ind  the  flame  grometry  could  not  hi'  controlled  as  casil\  as  with 
1 i rpi  1 d file  1 s . 

The  lu|uid  luels  were  pumped  at  .i  measured  flow  r.i  1 1-  to  the  fire 
nan'l  wheiu'  I ci  nozzle  ofilions  wer<>  .nailable,  norma  I l.in  spr.n  nozzles 
or  ill  air  inii'Ction  nozzle  (see  figure  1). 

riii'  fan  (>ri>  nozz  U's  art'  shown  operating  in  figure  2(,il  In-lore 
1 gii  1 t ion  .1  I a I low  r.i  I e of  about  1 gpm  per  nozzle.  When  using  the  f.in 

<|ir.i\  no.-zles,  the  fui’l  supply  pipes  come  through  the  pl.ite  iiid  .in- 
I xteiiih'd  to  abiMit  nine  iiuhes  in  fi-ont  of  (he  (il.iti-  n i t li  (In-  use  ol  n i ne 
iiuhes  ol  pipe,  a. id  one  1 .‘i-di'grt'i’  .ind  two  PO-degree  i-lbons.  I'lu-  nozzles 
ii-e  .liiiieil  so  tli.it  the  ilownw.i  rd  S(ir.n  from  tin-  top  nozzle  hits  the  pi. lie 


about  1.5  feet  below  the  top  of  the  plate  and  the  upward  spray  from 

the  bottom  nozzle  hits  the  plate  about  2 foot  above  the  bottom  of  the  plate 

plate.  The  nozzles  used  give  a flat,  fan  type  spray  pattern  with  fine 

atomization  characteristics.  Different  sized  nozzles  are  used  for  dif- 

♦ 

ferent  flow  rates  as  follows: 


Flow  Rato  Per  Nozzle 


Nozzle  No. 


Equivalent  Orifice  Diameter 


less  than  1.5  gpm 

T9510 

1.5  to  2.0  gpm 

T9515 

2.0  to  2.5  gpm 

T9  5 2 0 

2.5  to  3.0 

T9530 

greater  than  3.0  gpm 

T9 540 

5/6'l  in 
3/.32  in 
7 in 
9 '64  in 
5 ''32  in 


To  achieve  the  listed  flow  rates,  the  nozzle  pressures  wore  varied 
between  30  and  70  psi . The  spray  angle  is  95  degrees  at  40  psi  and 
ranges  less  than  i 5 degrees  for  the  30-70  psi  pressure  range,  ftlion 
the  fuel  evaporates  completely  on  the  hot  shingles,  the  burning  rate 
equals  the  fuel  supply  rate.  With  JP-5 , about  a one-minute  preburn  was 
required  to  heat  the  shingles  to  this  total  fuel  evaporation  point; 
however,  less  time  was  required  for  JP-4  and  methanol. 


Three  fires  involving  the  two  fan  spray  nozzles  on  the  single 
module  are  shown  in  Figure  4.  Figure  5 shows  fires  with  two  modules 
and  four  fan  spray  nozzles. 

Th<'  (iM’.or  nozzle  option  employs  a furnace  burner  and  air  in.iection 
to  linely  itomize  the  liquid  fuel.  The  compressed  air  also  supplies 
part  of  ttie  oxygen  for  burning.  A single  nozzle  was  placed  in  front 
of  the  fire  panel  and  aimed  upward  and  slightly  into  the  panel  as  indieati'd 
in  Figure  1.  Air  injection  nozzle  fires  with  tnirning  rates  of  2.1  and 
3.9,5  gpm  are  shown  in  Figures  (1(a)  and  Gdi),  respectively.  No  smoke  w.is 
visible  at  JP-4  burning  rates  less  than  about  3.5  gpm  with  the  compresseci 

+ 

The  nozzles  wore  Unijet  Nozzles  from  Spraying  Systems  Company. 


Fuel  flow  rate  is  4 5 gpm,  wind  is  1 rnph 


FIGUHF  4 PHOrOGRAPHS  OF  JP-4  ONE-MODUI  E CASCADE  FIRES 


FIGURE  5 PHOTOGRAPHS  OF  JP-4  TWO-MOOULE  CASCADE  FIRES 


Fuel  flow  rate  is  2.1  gpm 


FIGURE  6 PHOTOGRAPHS  OF  JP  4 FIRES  USING  THE  AIR  INJECTION  NOZZLE 


.1  i r to  t lu'  iu)zzl»>  at  SH  psi,  t lio  iiiaxiMuiui  aiiMlow  capac  it\  ul  our  svsU'in. 
rile  visihlo  smoko  ooiit  iuually  i iioriM  si’il  i t li  tlio  I low  ra  t o at  rat  os 
uroator  3.5  ttpm,  o.g.  , l itiuro  <>(!))  shows  soiiio  smoko  at  3.95  ttpm.  !■  low 
ratos  of  up  to  (i.O  ttP'"  'voro  used. 

3.3  I’ho  Kxt  1 iittu  i sh  i nt;  Systoms 

I'hroo  oxt  i njtu  i sli  i ng  systoms  woi'o  usoii  in  o.xporimonts  with  t lio 
oasoado  tiros;  (1)  a continuously  prossurizod  dry  cliomical  oxt  i nuu  i shoi' 
(shown  in  I'inurt'  I),  (2)  a 20-11)  I’KP  I i I’o  c'X  1 instuishcr,  anil  (3)  a (’B-10 

whoolod  f i I'o  oxtinmiishor  convoi'tod  lor  lla  U>n  1211  usi'. 

I'ho  continuously  pi-ossui'oil  dry  chomic.il  ox  t i iif;u  i shoi'  usi-d  with  both 
I’KP  and  Monnox  had  a capacity  of  50  pounds.  Discharno  prossuro  was 
maintainoii  at  100,  laO,  or  210  psi.  I'luuro  7 i;iv('S  oxt  i n^;n  i slian  t a^ont 
I low  ratos  as  a function  f t ho  driving  prossuro.  \s  can  bo  soon  in 
litturo  7(a),  for  a ;tivon  di’ivintt  prc'ssuro,  tho  PKP  mass  1 low  ra  1 1'  is 
al)out  25  porci-nt  tiroator  than  tho  Monnox  flow  rate.  -All  ox  t i iif;u  i sh  i ng 
f I'l'c  t i voiK'ss  data  is  for  manual  o.x  t i nt;u  i shmon  t . I'or  oxamplo,  lii;ur('  H 
shows  typical  firo  supprossion  tests  with  PKP  ami  Monno.x  powdors. 

An  attempt  was  made  to  eliminate  the  human  olomont  in  ovaluatint; 
aiic'iit  o f foot  i vi'iioss  by  supplyintt  tho  powdi-r  throimh  two  or  throe 
stationary  nozzles  supplii'd  from  the'  50-lb  bottle.  However,  no  data 
were  colli'ct<'d  as  I lu'  ellooli\<'  stationary  .jet  positioning;  was  I'xtromoly 
sonsitivo  to  wind  and  fire  s I zi- . A person  handling;  the  one  nozzly'  yvas 
much  more  offy'ctivi'  and  consistent  in  ox  t i iif^u  i sh  i n^;  tiros  than  any  com- 
bination of  stattonai-y  noz/.U's  that  yvas  tried. 

\ portable  oommoreial  PKP  lire  ox  t i np;u  i slu'r  was  used  to  apply  dry 
chemical  at;onts  to  tho  cascade  fii'os.  This  unit  was  filled  with  I tu’ 
rocomiiK'iidod  char^to  of  a pprox  i ma  t o 1 y 2i)  pounds  of  PKP  and  prossurizod  to 
195  psi  with  N',^ . I'lio  avoratjt'  PKP  flow  rate  ol  aliout  0.7a  It)  sy'C  did 
not  appear  to  decr<'aso  approcial)ly  duriiin  llio  lirsi  la  seconds  of 


EXTINGUISHANT  FLOW 


t 

K 


z 

X 

Ui 


0 


50 


100  150  200  250 

rxTlNGUlSHANT  DRIVING  ('RESSUHE  ps. 
th)  HALON  1711 

S A 413?  ? 


FIGURE  7 


EXTINGUISHANT  FLOW  RATE  AS  A FUNCTION  OF  THF 
DRIVING  PRESSURE 
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il  i si-har^ro . .vliUrli  was  sufficient  time  to  either  ext  ui^tu  i sit  tlie  fit’’ 
or  ilelermiiio  tliat  t!ie  fire  resulting  I i-oni  tlie  conditions  lioini;  ti’sled 
could  not  he  »'x  t > ni;u  i slied  in  any  lenttth  of  time.  t’ho  t oura  phs  of  exlin- 
eu  i sttmen  t witli  the  liand-iield  I'KP  ext  i nt;u  i slier  are  shown  in  iitiure  9. 

2 

file  111  Ion  KM  I wis  applied  viih  a converted  rit-10  unit  horrowed 
from  frtvis  Air  Korce  Itase.  i'hi'  mod  i f i ca  t i otis  included  i pressurized 
svstem  for  filliiij.;  t ae  bottle  with  11a  ion  I'M',  external  N ^ pressuri- 
zation to  maintain  the  Halon  flow  rate  constant  throittthout  the  ai;ent 
d 1 -.cha  ru<’ . a weiithing  iilatfoi-ni  to  measure  the  a(;i’ni  in  the  bottle,  and 
in  experimental  nozzle  selected  liir  its  pattern  and  e I feet  i \ etiess  in 
di  liverinp:  Halon  K’ll.  Since  the  Halon  ex  I i npu  i shiiieii  t s were  designed 
for  comparison  to  tests  at  fynda  1 1 Ai'H  ..here  the  fuel  I lows  down  sheids 
ol  exp.inded  met.il  scrfcn,  il  was  esseeti.'.l  to  employ  the  same  .ippli- 
c.ifioti  systc-ms  .mil  ope  r.i  t i iir.  conditions  foi-  both  tests.  Consequent  1\  , 
tilts  iiart  of  the  test  (iropr.im  was  eoordin.ited  with  Major  (lien  ('h.imlu-rs 
of  ibnd.ill  .Ml!  who  arranged  for  the  loan  ot  the  C!!-lti  unit  ind  the 
\nsul  Cl!  iiozzle  with  the  O.K’2-inch  throat,  which  pro\i'd  to  he  qitile 
etiec.ii-.-  in  dispeii.sinti  the  ilalott  1211  in  a Kood  p.itteiai  in  the 
T\  nd.i  1 1 \!  T.  t ('st  s . 

ri(;,iire  10  shows  photographs  of  the  ex  t i ngu  i ■- lu-r  .tnd  its  use.  \s 
c.in  be  sei'ii  in  Figure  10(a),  the  igent  tank  w.is  removed  I rom  its  wheels 
.md  pi. iced  on  the  platform  sc.ile  so  th.ij  the  .uiiount  ot  ll.ilon  1211  uscil 
I'oui  I be  e.isilv  (let  ('rmi  tied  . In  .icco  rda  nci'  with  the  procedures  .it 
|'\ ml  1 I 1 UK.  the  (.ink  w.is  contiimoiislv  pressurizi-d  to  l.aO  or  120  ps  i . 

\n  operator  position  ol  20  fei't  from  the  lire  (iitiel  w.is  leiiiid  to  be  .in 
I fteelive  oper.it  ing  dist.ince;  therefore,  .liter  prelimin.irv  tests,  the 
;>o-feet  list. nice  w.is  usi'd.  \ few  (iri’ I i m i n.i  rv  tests  were  done  with  .1 
t ink  pressure  of  200  (isi.  At  (his  iiri'ssure  the  nozzle  w.is  too  difticull 


FIGURE  9 EXTINGUISHMENT  WITH  PKP  HAND  EXTINGUISHER 


(al  HALON  1211  EXTINGUISHFR  UNI 


(b)  HALON  1211  FLOW  RAFF  IS  5.5  Ib/w 


FinilRF  10  FXTINGIMSHMFNT  WITH  HAl  ON  1711 


to  hold  and  control;  therefore,  only  the  150  and  120  psi  pressures 


were  used  in  subsequent  tests.  Ha  Ion  1211  flow  rates  as  i 
of  driving  pressure  are  shown  in  Figure  7(b). 


funct ion 
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•1.0  EXPERIMENTAL  RESULTS 


I 


•1  . 1 Elro  Characteristics 

The  observed  or  controlled  fire  characteristics  were  burning  rate 
(which  was  the  fuel  flow  rate  when  no  excess  fuel  flowed  to  the  sump), 
flame  temperature,  flame  shape,  smoko  production,  and  thermal  radiation. 
These  parameters  wore  examined  as  a function  of  fuel  type  and  wind 
conditions.  Elame  shapes,  smoke  production  and  wind  effects  were 
recorded  with  super  8 time-lapse  and  35mm  still  photographs. 

Average  flame  temperatures  for  the  various  fuel  and  nozzle  condi- 
tions as  measured  with  a telescopic  radiometer  focused  on  the  center 
of  the  fire  panel  wore: 


Fuel 

Nozzle  Type 

Average  Flame  Temperature 

JP-1 

fan  spray 

1,590°F 

JP-5 

fan  sprat- 

1,670°F 

methanol 

fan  sprat- 

< 1,400°F 

•IP -4 

air  injection 

1,780°F 

The  measuren  flame  temperatures  varied  several  hundred  degrees  between 

tests  using  the  same  fuel  and  nozzle  type,  but  the  variation  was  random 

and  did  not  appear  to  depend  on  burning  rate  or  wind  conditions.  Flame 

o 

temperatures  for  methanol  were  less  than  1,400  F,  which  was  the  minimum 
temperature  that  we  could  measure. 


Thermal  radiation  levels  were  measured  at  a location  10  feet 
directly  in  front  of  the  fire  panel.  Figure  11  shows  radiation  levels 
as  a function  of  burning  rate  for  fan  spray  nozzle  JP— 1 fires  on  the 
one-module  panel.  These  data  were  separated  into  three  wind  speed 
categories,  which  in  turn  wore  fitted  by  least  squares  linear 


RADtATION  AT  10  ft  FROM  PANEL 
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O Wind  Speed  Less  Than  5 mph 
A Wind  Speed  5 to  10  mph 
□ Wind  Speed  Greater  Than  10  mph 
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THERMAL  RADIATION  DATA  FOR  JP-4  ONE-MODULE  FIRES 
USING  FAN  SPRAY  NOZZLES 


rcs>'t'ss  fstiMiKht  linos  in  Figure  11).  The  witui  direction  was  within 

l.‘)  degi’oes  of  normal  to  the  panel  for  all  recorded  tests.  As  can  he  scon, 
increasing  wind  speeds  decrease  the  radiation  slightl>.  This  reduction 


is  prohal)ly  due  to  an  increase  in  tlie  distance  from  the  rauiometer  to  the 
flames,  the  higher  winds  tending  to  hold  the  flames  closer  to  the  panel. 


» 


Figure  111  shows  the  linear  regression  fits  of  radiation  data  for  the 
various  fuels  and  nozzle  conditions.  In  this  case,  data  for  all  wind 
speerls  were  used. 

T 

Since  the  tluomial  radiation  omitted  hy  a flame  varies  with  the 
lourth  power  of  the  temperature,  relative  flame  temperatures  can  he 
calculated  from  the  radiation  data  if  the  emissivity  is  the  same  in  all 
ease's.  On  the  basis  of  piio togi'a ph i c evidence,  tlie  flame  areas  for  a 
gi\i't)  lucl  flow  rate  wore  assumed  to  ho  equal  for  the  different  fuels 
and  nozzle  t \ pes . Fsing  the  11  gpm  fuel  flow  data  and  a temperature  of 
latio*^!-  (2n.'>0*'u)  for  IP— 1 fan  spray  nozzle  fires  as  a reference,  other 
! cnip.  ra  t u res  wei’e  calculated  to  he: 


Flame  Temperature  Calculated 


File  1 

Nozzle  T>pe 

from  Radi  a*:  ion  Hat  a 

• IP-  1 

fan  spray 

1,590  F (reference) 

o 

IP-5 

fan  spray 

1 ,G10  F 

o 

lie  1 ha  no  1 

fan  spray 

1 ,-150  F 

• IP-1 

air  i n.iect  ion 

Q 

c 

c 

X 

I'hese  calculated  flame  f empera  t ures  compare  quite  well  with  (he  avoi-age 

(lame  (emperalures  measured  with  the  telescopic  radiometi'r  except  for 

o 

methanol,  whetu'  the  calculati'd  t('mporature  is  at  le.ist  50  F above  the 
measured  va 1 ue . 

•IP-1  fire  areas  for  several  different  wind  .mil  nozzle  conditions  can 
he  sef'ii  in  the  photographs  of  Figures  -1 -G . Although  flami'  areas  wore' 
not  measured,  several  qualitative  observations  can  he  made'. 


2-J 


JP-'l  ;uul  JP-5  flame  shapes  appeared  to  be  the  same  for  equivalent 
fuel  flow  rates.  The  JP-5  flames  were  a darker  yellow  than  the  JP-4  flames, 
flames.  Methanol  flames  are  virtually  invisible  in  bright  sunlight; 
consequently,  flame  shape  or  spectra  are  not  known. 

With  the  faa  spray  nozzles,  the  flames  covered  the  entire  plate 
except  for  the  bottom  corners  and  exhibited  an  approximately  uniform 
density  for  flow  rates  above  1.5  gpm  for  the  one-module  case  in  no  wind 
conditions  and  above  2.5  gpm  in  all  wind  conditions.  For  lower  flow 
rates  the  flames  from  the  bottom  nozzle  separated  from  the  top  nozzle 
flames.  Figure  4(a)  shows  a slight  separation  between  the  upper  and 
lower  flames  for  the  1.6  gpm  fuel  flow. 

Buoyancy  extended  the  flames  up  to  10  feet  above  the  fire  panel,  but 
under  no-wind  con'litions  the  width  for  a single  module  remained  about 
1 feet.  Any  wind,  and  especially  crosswinds,  would  tend  to  wrap  the 
flamei:  around  the  patiel  anci  widen  the  flame  areas. 

Increasing  the  fuel  flow  rate,  and  thus  the  burning  rate,  only 
slightly  increased  the  area  of  flame  as  viewed  from  in  front  of  the  fire 
panel:  liowever,  the  flame  depth  increased  such  that  the  volume  of  flames 
appeared  *o  i>e  approximately  proportional  to  the  fuel  flow  rate. 

The  fan  spray  nozzle  fires  produced  a sut)stantial  amount  of  t)lack 
smtike,  p>rol)ai)lv  as  much  as  a pool  fii-e  of  the  same  tjurning  rate.  Howev»'r, 
tile  air  iniection  nozzle  fires  were  almost  smokeli'ss,  at  Ii'ast  for 
Inirning  rates  of  less  than  3.5  gpm  and  an  air  flow  tlirougti  thr>  nozzle  of 
about  2 lb  sec.  Some  smoke  appears  at  higher  Inirning  rat<-s,  as  sliown 
in  Figuri'  6(li)  for  a fuel  flow  rate  of  3.95  gpm. 

rile  air  injection  nozzle  fires  weri'  more  conical  in  shape  tlian  tlie 
fan  spray  nozzle  fires  and  had  an  almost  whiti'  flame.  The  area  of  flame 
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as  viewed  from  in  front  of  the  fire  panel  appeared  to  increase  in  pro- 
portion to  the  burning  rate.  The  wind  did  not  effect  the  flame  geometry 
appreciably . 

■1 . 2 Extinguishment  of  the  Fires 

In  evaluating  the  design  of  the  cascade  fires  it  was  necessary  to 
, do  some  suppression  tests  using  methods  and  agents  suitable  for  combatting 

accidental  aircraft  fires.  Three  agents,  namely,  PKP,  Monnex,  and 

I 

Halon  1211,  were  tested  on  various  JP-4 , JP-5,  and  methanol  fires.  Typical 
suppression  results  with  the  various  agents,  apparatus,  and  techniques 
are  shown  in  Figures  13-18. 

Figure  13  contains  data  for  the  extinguishment  of  fan  spray  nozzle 
JP— 1 fires  with  PKP.  The  continuously  pressureized  dry  chemical  extin- 
guisher was  used.  Data  are  shown  for  PKP  flow  rates  of  0.65,  0.75,  and 
0.91  Ib^sec,  which  correspond  to  driving  pressures  of  100,  150,  and 
240  psi,  respectively.  Most  tests  were  conducted  with  wind  speeds  less 

than  10  mph,  but  the  solid  data  points  are  for  higher  wind  velocities. 

o o 

The  wind  direction  was  in  the  quadrant  from  -45  to  +45  of  perpendicular 

to  the  fire  panel  for  all  tests.  Fires  with  high  fuel  flow  rates  appeared 

to  be  slightly  easier  to  extinguish  with  increasing  wind  speeds.  This 

was  especially  true  when  the  wind  direction  was  nearly  normal  (head  on) 

to  the  fire  panel  as  was  the  case  for  the  data  shown  in  Figure  13(a). 

Cornering  winds  seemed  to  make  the  fires  more  difficult  to  extinguish, 

o 

although  the  effect  was  minor  until  the  angle  became  greater  than  45 
from  normal  to  the  fire  panel,  at  which  time  testing  was  discontinued. 

The  minimum  powder  application  time  or  extinguishment  time  was  2.5  seconds. 

FigurcH  shows  data  for  PKP  extinguishment  of  JP-5  and  methanol  fires. 
Only  PKP  flow  rates  of  0.75  and  0.91  lb  sec  were  tested  with  these  fires. 
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0 91  lb. sec  PKP  Flowv,  10  mpfi  IVmd 

0 75  lb  sec  PKP  How.  10  mpti  Wi'mI 


(a)  METHANOL  FUEL 


0 0 91  It)  sec  PKP  Flow.  10  mph  Wmd 

• 0 91  lb  sec  PKP  Flow.  10  mph  Wtnti 

A 0 75  lb  sec  PKP  Flow  10  mph  VV-nd 


FUE  I n OW  RATF 
(bl  JP  5 FUEL 


FIGURF  14  PKP  CONSTANT  FLOW  E XTTNGUISHIVIFNT  OF  JP  b ANIJ 
MEIHANOL  FIRES 


One  data  point  for  .IP-5  tests,  namely,  a d-second  ext  i ngu  i shment  of  a 
1-gpm  fire,  appears  out  of  place  and  warrants  a comment.  In  this  test, 
a 17.5-mph  wind  blowing  directly  toward  the  fire  panel  appeared  to 
confine  the  fire  to  a smaller  volume  than  with  either  a low  wind  speed 
or  a cornering  wind,  and  the  fire  was  extinguished  more  easily  than 
expected  from  results  of  other  tests. 

V comparison  of  Figures  Id  and  11  shows  that  higher  burning  rates 
could  be  extinguished  for  -IP— 1 than  for  .JP-5.  The  maximum  fuel  flow  of 
methanol  that  coulfl  be  extinguished  was  between  that  of  .IP— 1 and  .JP-5. 

However,  the  I'x t i ngu i shmen t of  methanol  fires  was  impaired  by  the  diffi- 
culty in  seeing  the  flames  and  determining  where  rnoi’e  ext  i nu  i sliant  was 
necessa  ry . 

Figure  15  shows  data  for  Monnex  extinguishment  of  .IP— 1 and  .JP-5  fires. 

Monnex  was  applied  at  flow  rates  of  0.61  and  0.74  lb  sec,  whicli  were 
about  25  percent  lower  than  the  PKP  flow  rates  at  the  driving  pressures 
of  150  and  2-10  psi,  respectively.  Fnder  these  conditions  it  was  possible 
to  extinguish  slightly  larger  fires  with  the  Monnex  than  with  that  same 
weight  of  PKP.  .-V  comparison  of  Figures  13(a)  and  15(a)  shows  that  the 
wind  effected  the  PKP  extinguishment  more  than  the  Monnex  extinguishment. 

However,  this  was  not  because  of  differences  in  characteristics  of  PKI’ 

and  Monnex  but  due  to  wind  flirections  occurring  during  the  tests,  which  ‘ 

o 

vere  nearly  normal  for  the  PKP  high  wind  tests  and  almost  15  from 
normal  during  the  Monnex  high  wind  tests. 

Data  for  the  exginguishment  of  ,JP-1  and  .IP-5  fuel  fires  with  the 
h.ind-held  PKP  extinguisher  are  shown  in  Figure  16.  Most  of  tlu'  dat.i 

w. 

for  the  .IP— 1 fires  are  for  winds  greater  th.in  10  mph , while  those  for 
IP-5  fires  are  for  winds  less  than  10  mph. 

2H 
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U 74  lb  iec  Momiex  hlovv  10  mph  VV.n.j 


A 0 61  lb  sec  Monnen  Mow  lU  inph  VV't  p 

A 0 61  Uj  sec  Mofuu'x  {-'ow  10  mptt  IVhki 
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0 0 74  Ih  sec  Monnex  Flow  10  tnpti  V\  .-4 
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FIGURE  16 

PKP  HAND  HELD  UNIT 

EXTINGUISHMENT 

Fisuro  17  shows  data  for  tho  ext  i ntju  i shniont  of  IP— 1 and  JP-5  fuel 
fires  with  llalon  1211.  The  data  shown  are  for  a two-module  fire  panel 
(8  feet  wide  by  8 feet  hiKli  with  foui’  fan  spray  nozzles).  A few  tests 
wore  done  on  the  single  panel  employed  in  the  powder  tests,  but  in  all 
such  cases,  the  extinguishment  was  very  rapiil,  occurring  in  less  than 
three  seconds  oven  with  the  maximum  fuel  flow  rate  of  6 gpm . ttlien 
discharged  at  a distance  of  20  feet  from  the  panel,  tho  llalon  1211 
appeared  to  be  mostly  gasf'ous  by  the  time  it  reached  the  fire,  as  can 
be  seen  in  Figure  10(b).  Again,  the  wind  did  not  affect  tho  extinguish- 
ment times.  Ilowevei-,  in  all  cases  the  wind  was  almost  rormal  to  the 
f i I'o  panel.  A crosswind  probably  would  disperse  the  llalon  1211  stream 
more  rapidly,  making  extinguishment  more  difficult. 

Extinguishment  of  two-modulo  (8  foot  by  8 foot)  fires  with  PKP,  using 
the  continuously  pressurized  extinguisher,  was  also  attempterl.  However, 
we  were  unable  to  extinguish  any  of  those  fires  even  with  tho  maximum 
flow  of  0.91  lb  sec  and  the  minimum  JP—l  fuel  flow  of  3 gpm  (0.75  gpm 
per  nozzle).  As  can  be  seen  in  Figure  13,  we  extinguished  JP—l  fires  of 
■1.5  gpm  on  tho  one-modulo  panel  in  low  wind  conditions  and  up  to  6 gpm  in 
high  wind  conditions.  Therefore,  tho  ease  of  extinguishment  must  depend 
on  tho  fire  panel  area  as  well  as  the  fuel  flow  rate. 

Figure  18  shows  data  for  the  PKP  extinguishment  of  JP-d  fires 
produced  with  the  air  injection  nozzle.  With  these  fires  there  is  a 
narrow  transition  fuel  flow  region  below  which  the  flames  are  extin- 
guished rapidly  and  above  which  extinguishment  is  impossible  fo7-  the 
given  PKP  flow. 
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FIGURE  18 


EXTINGUISHMENT  BY  PKP  OF  JP-4  FIRES  USING 
THE  AIR  INJECTION  NOZZLE  FOR  THE  FUEL 
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The  c.isc.ido  tiro  as  desitrnerl  is  a well-defined  kinematic  fuel  fire 
and  appears  to  be  suitatjle  for  testing  countornionsuros  for  the  spra\ing 
and  pouring  fuel  fires  that  often  occur  in  aircraft  accidents. 

5 . 1 fhe  Fuel  Burning  Rato 

The  fuel  burning  rate  is  controlled  l)v  the  spraying  rate.  Tlie 

l)urning  rate  of  0.2  in  iiiin  per  square  inch  of  burning  surface 
2 

(0.125  gpm  ft  ),  given  in  tlie  introduction  as  typical  of  severe  fires 
witli  IP— 1 and  JP-5  fuels,  is  approximately  a flow  of  1 gpm  over  tlie 
1-foot  by  8-foot  fire  panel.  With  our  apparatus,  burning  rates  of 
approximately  1.5  to  6 gpm  are  possible.  The  minimum  burning  rate, 
determined  by  the  point  at  which  the  flames  involving  the  fuel  from  the 
upper  and  lower  nozzle  sprays  merge  to  produce  a continuous  fire,  occurs 
at  rates  of  1.5  to  2.5  gpm.  The  wind  increases  the  spraying  rate 
required  to  prevent  flame  separation;  e.g.,  a 15-mph  wind  requires  the 
2.5-gpm  spraying  rate.  At  spraying  rates  greater  than  about  (5.0  gpm, 
some  of  the  fuel  does  not  burn  and  runs  into  the  collection  trough  at 
the  bottom  of  fire  panel,  and  therefore,  the  burning  rate  is  less  than 
the  spraying  rate. 

fwo  fire  panel  design  cha  i-actei’i  st  i cs  conti’ibute  to  tiu'  wide  range 
of  burning  rates  that  are  possible;  (1)  the  fine  atomization  nozzles 
and  (2)  the  ability  to  heat  the  front  surface  of  fhe  plate. 

To  get  the  fine  atomization  of  fuel,  it  was  necessary  to  change 
the  nozzles  for  different  flow  rates  and  apply  at  least  30  psi  pressure 
at  the  nozzles,  as  previously  explained.  Nozzles  producing  larger  drops 
were  used  in  preliminary  experiments  and  found  to  peianit  some  of  the  fuel 
to  escape  unburned. 


•5-I 


The  shiM^;le  'losinti  p<-i  - i’ 


fro'i»  ICC  1o  tjocoino  liot  iiui 


1 


still  not  v.arp  the  s t rue  t u r<  . V'  • i..  .■•.n  id  liKuros  -lO))  aiui  (c),  i 

the  shiiiKles  w.irp  hut  tlic  structure  r-  iiin-  iiniil  Itecauso  the  I'ranie  ami 

liack  surface  are  water  cooled.  fhe  shinule  desit;ii  also  permits  easv 

replacement  of  shinKl(“5  that  liecome  Itadly  warpi'd.  However,  we  did  not 

find  replacement  necessary  in  all  of  our  test  inn.  The  shinnies  cha ract er i s- 

o 

ticalls  reacheri  tempei’a t ures  of  75d  to  1000  F wtien  liurninn  -11’— 1 oi  .!P-r>  i 

■ 

o 

and  fiOn  to  (ion  F when  hurning  methanol,  while  the  hack  plate  was  usual  1\ 

o 

maintained  at  less  than  200  F. 

a . 2 Wind  Kffects  on  Flame  K.\ t i ngu i shmen t 

As  previously  mentioneil,  only  wind  directions  tliat  were  witliin  the 
o o 

riuaiirant  of  —la  to  +'la  from  normal  to  the  fire  panel  were  permitted  in 
the  data  of  ex t i ngu i shment  results.  As  long  as  the  wind  direction  was 
i t It  i n this  quadrant,  and  below  18  mph , the  maximum  velocity  examineii, 
the  tiiiK's  to  extinguish  wore  within  aljout  a-  50  percent  of  the  average 
time.  High  wind  speetls  and  close  to  the  normal  direction  made  extinguish- 
ment slightly  easier.  The  solid  fire  panel,  as  contrasted  to  a fire  on 

:i 

I screen,  which  has  been  used  in  previous  kinematic  fuel  fire  tests, 
appears  to  make  tlu'  dependence  of  extinguishment  results  on  wind  vari- 
a t ions  mana geah 1 e . 

o 

Crosswinds  of  a direction  greater  than  d5  from  the  normal  direction, 

o 

and  ('special 1\  those  of  a direction  greater  than  90  , greatl\  impaired 
■X  t i ngu  i shmen  t . Wi  tli  these  winds,  much  of  the  fuel  spray  would  he 
carrif'd  awav  from  the  panel  before  burning,  and  the  fire  area  would  he 
incMMstd  and  not  well-defined.  I'he  person  trying  to  extinguish  tlU' 
fire  would  therefore  not  be  able  to  approach  the  fire  as  closel\  as  wlien 

the  wind  dif('Ction  was  closer  to  noi-mal.  , 


For  a cascade  fire  test  facility,  it  may  be  worthwhile  to  design 
an  apparatus  that  could  bo  rotated  so  that  test  operation  would  not 
depend  on  wind  direction.  In  our  case,  the  prevailing  winds  at  the 
tost  site  are  such  that  the  direction  is  usually  within  the  proper 
' quadrant . 

! 5.3  Adiustable  Fire  Panel  Size 

— i 

An  adjustable  fire  -^Ize  for  testing  various  types  and  sizes  of 

t 

extinguishing  systems  was  idontifieil  as  a desirable  feature  of  the 

apparatus.  The  fire  panel  is  designed  so  that  each  4-^oot  by  S-^oot 

section  is  a module,  and  modules  can  be  added  as  desired.  Most  of  our 

tests  were  done  with  just  the  one  module;  however,  a second  module  was 

added  for  a few  tests,  particularly  the  Halon  1211  extinguishment  tests. 

1 

As  was  stated  in  the  Phase  I report,  to  evaluate  extinguishment,  it  is 
important  that  the  fire  is  not  overwhelmed  by  the  extinguishing  action 
and  that  the  fire  challenge  the  extinguisher  ability. 

A one-module  fire  panel  sufficiently  challenged  the  dry  chemical 
extinguishing  systems  that  were  used.  The  fire  size  (fuel  flow  rate) 
could  be  adjusted  from  easily  ext ingui shable  to  impossible  to  extin- 
guish. However,  a two-module  panel  gave  a fire  tfiat  could  not  extinguished 
by  our  dry  chemical  extinguisliing  systems. 

For  the  Halon  1211  system,  the  two-module  fire  panel  appeared  to 
1)0  a good  size. 

rhere  appear  to  be  no  fundamental  problems  in  adding  f i i-e  panel  modules 
/ except  that  the  fuel  and  water  requirements  increase  directly  with  fire 

S pan(>l  area  atid  may  become  cuml)orsome  after  two  or  three  modules. 

It  appears  tliat  difficulty  of  ex  t i tigu  i shmen  t is  not  directly  pro- 
portional to  fire  panel  sizt'.  Two  examples  support  this  conclusion, 
lirst,  It  can  be  seen  in  Figure  13(1))  that  a 3-gpm  IP— 1 fii'e  on  the  one 
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f i ro  panel  can  bo  ext  inRiii  sliod  quite  easily,  usually  within  1 seconds  at 
a 0.75  lb  soc  PKP  flow.  Yet,  a (l-ppm  fire  oti  a t\vi>-modulo  fire  panel 
could  not  bo  extinguished  by  two  extinguisher  operators  acting  simul- 
taneously using  PKP  extinguishers  with  0.78  and  0.91  lb  sec  flows. 

In  a second  example,  using  the  Ilalon  1211  extinguishing  system,  a 
G-gpm  fire  on  a one-moilulo  panel  required  only  a short  burst  of  exlin- 
guishant,  20  pounds,  while  a 9-gpm  fire  on  a two-module  panel  requirorl 
82  pounrls  of  Halon  1211  and  a 10-gpm  fire  could  not  be  extinguished. 

Although  a quantitative  basis  for  difficulty  of  extinguishment  has 
not  been  vell-dofined  and  is,  in  fact,  based  on  different  criteria  for 
the  two  e.xamplcs  ibove,  the  examples  suggest  that  the  ditficulty  of 
extinguishment  increases  more  rapidly  than  fire  panel  size  as  the  number 
of  modules  is  increased. 

W'q  had  hoped  to  compare  the  relative  merits  of  the  dry  chemical 
ext  i ngu  i shants  wi  tii  the  Ilalon  1211,  but  this  was  not  possible  because  of 
the  application  rates  and  patterns  available  and  the  d i f feren t -s i zed 
fires  required  to  challenge  the  two  extinguishing  systems. 

'■-.1  fhe  Relative  Merits  of  I sing  the  Air  Injection  Nozzle  Versus  The 

Kan  Spray  Nozzles 

■file  aihantage  ol  using  the  air  injection  nozzle  is  th('  less  smokev 
I 1 res . Ilovi’ver,  the  tan  spray  nozzles  give  other  fire  characteristics 
that  ire  better  for  fire  countermeasure  tests. 

file  smokeless  leaturc  of  the  air  injection  nozzle  is  a ri'su  1 1 ol 
(1)  the  tine  atomization  of  the  fuel  that  results  from  the  air  inii'ction 
and  (2l  th«'  mixing  of  some  of  the  oxygen  required  for  burning  with  t he 
fuel  ti>  gi\'e  a partially  premixefi  flame.  'flu'  fine  atomization  ol  the 
liiel  is  probably  the  dominant  factor  in  producing  the  smokeless  tins 
IS  1 3.5-gpm  lire  requires  about  .'iOd  lb  min  ot  air  and  only  2 lb  min  is 
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supplied  through  the  nozzle;  i.e.,  less  than  1 percent  of  the  combustion 
air  requirement.  However,  when  nitrogen  was  used  in  place  of  air,  the 
maximum  burning  rate  for  smokeless  fires  was  about  3.0  gpm. 

The  fire  chai-acteristics  and  required  extinguishment  techniques 
are  considerably  different  with  the  two  nozzle  options.  The  fires 
produced  with  the  single  air  injection  nozzle  wore  easily  extinguished 
with  PKP  at  the  fuel  flow  rates  at  which  extinguishment  was  possible. 

The  dry  chemical  powder  stream  was  aimed  at  the  nozzle  outlet  and  the 
powder  was  carried  with  the  fuel  stream.  Little  skill  by  the  extin- 
guisher operator  was  required.  With  the  fan  spray  nozzle  fires,  the 
extinguishing  technique  was  to  begin  extinguishment  at  the  bottom  of  the 
fire  panel  and  continue  up  the  fire  panel,  finally  "pushing  the  flames 
off  the  top"  while  preventing  flashback  to  the  bottom  of  the  fire  panel. 
Therefore,  extinguishment  of  the  fires  generated  with  the  fan  spra> 
nozzle  required  a skilled  operator.  The  required  extinguishment  technique 
is  probably  characteristic  of  that  needed  for  many  accidental  kinematic 
fires.  While  the  present  design  with  the  one  air  injection  nozzle  may 
be  satisfactory  for  use  in  testing  fire  suppression  agents,  the  multiple 
fan  spray  nozzle  option  is  much  better  for  testing  extinguishment  tech- 
niques and  training  firemen.  The  appendix  describes  fireman  training 
exercises  conducted  with  the  cascade  fire  apparatus. 

The  difference  in  fire  and  extinguishment  characteristics  between 
the  two  nozzle  options  is  a function  of  (1)  the  single  spray  pattern  of 
the  air  injection  nozzle  versus  the  Interacting  spray  pattern  from  the 
upward  and  downward  pointing  fan  spray  nozzles  and  (2)  the  air  injection 
versus  no  air  injection.  The  use  of  two  or  more  nozzles  to  give  an 
intf^racting  spray  pattern  instead  of  a single  source  of  fuel  is  necessary 
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to  simulate  the  accidental  fires. 


If  it  were  possible  to  construct  an  air  injection  nozzle  that  gives 
a spray  pattern  similar  to  the  fan  spray  nozzles,  air  injection  nozzles 
would  bo  satisfactory  and  air  pollution  problems  diminished.  However, 
no  such  commercially  available  nozzles  were  found.  The  design  problem 
1 in  constructing  such  a nozzle  is  to  provide  air  injection  at  a high 

j enough  pressure  at  the  nozzle  exit  to  finely  atomize  the  fuel  and  yet 

minimize  the  induced  fuel  droplet  velocity  after  exit  from  the  nozzle. 
The  design  and  construction  of  such  a nozzle  could  not  be  done  within 
the  funds  of  this  project. 
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In  Phase  I of  this  proRvam  the  cascufle  fire  was  selected  from  the 
various  kinematic  fuel  fires  to  characterize  and  simulate  in  a tost 
facility.  The  apparatus  for  simulating  such  a fire  was  designed  and 
tested  for  its  suitability  in  testing  fire  suppression  agents,  appli- 
cation apparatus,  and  techniques.  Conclusions  about  the  cascade  fire 
apparatus  and  also  about  suppression  effectiveness  of  the  agents  used 
in  experiments  follow. 

(i . 1 The  Cascade  Fire  Apparatus 


The  cascade  fire  apparatus  provides  for; 

*>  A kinematic  fuel  fire  with  a controllable  burning  rate  of  from 
0.7  to  O.H  in'  min  per  square  inch  of  burning  surface  (0.01  to 
0.2  gal  min  ft")  when  using  JP— 1 or  JP-5  aircraft  fuels.  The 
controllable  burning  rate  is  made  possible  by  the  fact  that  all 
the  sprayed  iuol  is  burned.  The  controllable  burning  rate  makes 
it  possible  to  vary  the  degree  of  difficulty  of  e.xt  inguishment  . 

• A reproducible  fire;  that  is,  a fire  for  which  the  difficulty  of 
e.x  t i Mgul  shmen  t from  fire  to  fire  is  the  same. 

• A flame  geometry  that  minimizes  wind  effects.  The  solid  back 
plate  behind  the  fire  provides  for  a minimization  of  wind 
('ffects  on  extinguishment  as  long  as  the  wind  direction  is  within 
the  quadrant  of  —15®  to  *15°  from  the  normal.  Maximum  tolerable 
wind  speed  is  15-20  mph , above  which  the  spraying  fuel,  parti- 
cularly the  unburned  fuel  before  ignition  atid  after  extinguish- 
ment, is  dangerously  scattered  in  the  surrounding  area. 

^ An  adjustable  fire  size  by  virtue  of  the  modular  nature  of  the 
fire  patK'ls.  Our  experiments  included  one-  aiui  two-module 
p.inels,  which  resulted  in  a l-foot-wide  by  8-toot-high  burning 
area  or  an  8 foot  by  8 fr^'Ot  area. 

fwo  different  nozzle  options  were  used.  The  air  injection  nozzU' 
producf'd  smokeless  fires  but  did  not,  in  its  present  single  nozzle 
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arranRoment , yield  a fire  suitable  for  many  of  the  countermeasure 
testiiiK  applications.  In  contrast,  the  fan  spray  nozzle  option  provides 
a lire  that  is  well-suited  for  many  countermeasure  testing  applications, 
including  testing  agents,  testing  techniques,  and  training  firemen  in 
countermeasure  techniques.  However,  the  fires  were  quite  smokey. 

6 .2  Evaluation  of  Extinguishing  Agents 

The  two  dry  chemical  extinguishing  agents,  Monnex  and  PKP,  required 
approximately  the  same  amounts  at  similar  flow  rates  to  extinguish  the 
JP— 1 fuel  fires.  The  Monnex  was  more  effective  in  extinguishing  the 
JP-5  fuel  fires,  requiring  about  75  percent  of  the  amount  of  PKP  to 
extinguish  the  fires.  With  Monnex,  several  5.5-gpm  JP-5  fires  were 
extinguished,  while  the  largest  JP-5  fire  extinguished  by  PKP  was  4 gpm. 

JP-5  fires  proved  to  be  considerably  more  difficult  to  extinguish 
than  JP-4  fires  with  the  dry  chemical  powders.  Maximum  fuel  flow  rates 
that  were  possible  to  extinguish  were  20-40  percent  higher  for  JP-4. 

It  was  not  possible  to  compare  the  extinguishment  effectiveness  of 
the  Halon  1211  with  the  dry  chemical  powder  either  on  a weight  effective- 
ness or  a cost  effectiveness  basis  because  of  tlie  different  capacity 
ext i ngu ishers  used.  This  was  because  the  Halon  1211  extinguisher 
system  had  a mass  per  second  output  more  than  fiv'o  times  that  of  ttie 
drv  chemical  extinguishing  systems,  and  two  modules  of  fire  p.inel  had 
to  be  used  to  challenge  its  capability. 
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Apponclix 

FIREMAN  TRAINING  EXERCISES  USING  THE  CASCADE  FIRE  APPARATUS 
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I'our  firemen  fi-oin  the  (^amp  Paiks,  California  1- i i-e  Depa  i t iiient  pai- 
ticipated  in  experimental  f i i-ef  i k1' f i trainiiif;  exei'Cises  usiiifi  the 

cascade  fire  apparatas.  Two  fire  extinguishment  situations  were  usf  <1  : 

<1)  a 6-gpm  JP— 1 fire  on  the  H foot  by  8 foot  fire  panel  with  llalon  1211 
at  a flow  rate  of  a. a lb  'sec  and  (2)  a 1-gpm  .lP-1  fire  on  the  1 foot 
h\  8 foot  fire  panel  with  the  hand-held  20-lb  PKP  extinguisher. 

Our  two  staff  membei’s  who  operated  the  ext  ingui  shei's  and  had  con- 
considerable  practice  l)y  this  time  wore  quite  consistent  in  ext  ingu  i sii  i ng 
these  two  fires,  the  first  one  requiring  them  three  to  four  seconds,  or 
al)out  20  pounds  of  llalon  1211,  and  the  second  requiring  four  to  six 
seconds,  or  loss  than  a pounds  of  PKP.  Previous  experience  b\  the 
firemen  had  been  almost  entirely  with  water.  Almost  all  training  in 
the  use  of  dry  cliemical  powder  oxtingishers  had  been  by  demonstrations. 

Each  of  the  four  firemen  was  given  one  attempt  with  the  llalon  1211. 
They  extinguished  the  fires  with  18,  72,  25,  and  22  pounds  of  agent. 

It  is  interesting  that  the  fireman  who  used  only  18  pounds  of  agent  had 
received  some  (raining  in  the  use  of  Cli  e.xt  i ngui  shei's  while  in  the  Aii- 
Force  Reserves.  The  next  fireman,  who  used  72  pounds  of  agent,  let  the 
fire  flash  back  to  the  bottom  of  the  fire  panel  several  times  before 
mastering  the  teclinique  of  sweeping  the  fire  from  the  panel.  The  next 
two  participants  appeared  to  have  learned  how  to  prevent  the  fire  from 
flashing  back  to  the  bottom  of  the  panel  from  watching  the  second  f i rciii.ui . 
However,  they  were  very  cautious  in  doing  so,  anil  therefore  used  more 
.igent  than  required  for  the  most  efficient  extinguishment. 

Each  fireman  had  two  or  three  attempts  at  e.xt  i ngu  i shment  with  the 
h.md-held  PKP  ext  i ngui  shei' . In  the  initial  attempts  only  one  of  the 
firemen  was  able  to  extinguish  the  fire.  The  main  problem  was  preventing 
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flashback  to  the  bottom  of  the  panel  after  beginning  to  sweep  upward. 

The  second  problem  was  failing  to  step  closer  to  the  panel  after  the 
bottom  half  had  been  extinguished  so  that  sufficient  powder  would 
reach  the  top  of  the  panel.  In  the  second  attempts  one  more  fireman 
was  able  to  extinguish  the  fire.  For  the  third  attempt,  the  fuel 
flow  rate  was  decreased  from  4 to  about  3 gpm.  One  more  fireman  was 
then  successful  in  extinguishment,  however,  one  was  still  unsuccessful. 

The  use  of  the  cascade  fire  apparatus  appeared  to  be  suitable  as 
a training  facility.  In  training  firemen  there  is  the  danger  of  having 
practice  fires  that  require  an  extinguishing  technique  that  is  not 
characteristic  of  that  required  in  actual  fires.  However,  the  cascade 
fire  apparatus  appears  to  provide  a test  of  the  ability  to  sweep  a 
fire  from  a flowing  or  spraying  fuel  while  preventing  flashback  to  that 
part  of  the  fire  already  extinguished,  which  is  the  important  criteria 
in  extinguishing  actual  accidental  fuel  leak  fires. 

Two  characteristics  of  the  facility  were  particularly  appealing  to 
the  firemen:  (1)  the  ability  to  rate  the  effectiveness  of  the  fireman 

in  extinguishing  the  fire  and  (2)  the  ability  to  vary  the  difficulty  if 
extinguishment  so  each  extinguishing  system  can  be  challenged. 

For  each  fire  extinguishing  system  situation,  a minimum  extinguishing 
time  or  a minimum  required  agent  can  bo  established.  The  fireman  can 
then  evaluate  his  effectiveness  against  that  standard. 

The  difficulty  of  extinguishment  can  be  varied  by  varying  the  fuel 
flow  rate  and  also  the  number  of  fire  panel  modules  used.  Therefore, 
each  extinguisher  c.in  be  ctiallenged.  Also,  after  a fireman  masters  the 
extinguishment  of  relatively  easy  fires,  the  difficulty  of  extinguishment 
can  lie  increased  to  still  provide  a challenge. 
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